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1
VACUUM METERING VALVE CONSTRUCTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

‘This invention relates in general to the construction
of valves and in particular to a new and useful vacuum
metering valve which includes a mechanical adjustment
for setting a valve member in relation to a valve seat and
which has means associated therewith for varying the
position of the valve member in relation to the seat by
varying the temperature or in accordance with the
temperature variations. |

2. Description of the Prior Art

Vacuum metering valves are needed in the vacuum
technique for many purposes, particularly in two appli-
cations:

A. Where it is necessary, in a vacuum process, to
continuously supply an exactly metered quantity of a
precipitating gaseous reagent, for example, in a reactive
deposition of thin layers, in this case, the valve is ad-
justed to a predetermined conducting valve; and

B. In connection with closed-loop control devices for
keeping the pressure constant in a vacuum space which
1s continuously evacuated and simultaneously continu-
ously supplied, through the valve, with exactly the
same amount of gas in order to maintain the predeter-
mined pressure.

Valves for these purposes are frequently designed as
so-called “needle valves” which, however, have the
disadvantage that a sticking (cold welding) easily oc-
curs between the needle tip serving as the closing mem-
ber and the valve seat. Since in a needle valve, the
passage opening is small, it may also easily become
clogged with dirt.

That is why, recently, another construction has been

used more often in which a valve plate of a hard mate-
rial, for example, sapphire, is pressed against a valve
seat designed as a knifeedge of softer material, for exam-
ple, copper. Such valves can be better cleaned, have a
longer life and may be made heatable in which case
temperatures up to 450° C. are used in order to obtain a
secure degassing of all parts coming into contact with
the vacuum, which is important particularly in high
vacuum applications. In such valves, however, while
closed, so strong forces may be produced between the
valve closing member and the valve seat, due to the
unequal thermal expansion, particularly, of the housing
and the valve rod, that the sealing edge is deformed
excessively and the valve is either completely destroyed
or at least its life is shortened. To avoid such conse-
quences, devices for compensating the expansion have
already been provided to counteract the occurrence of
too strong forces by an elastic deformation of individual
component parts of the valve, for example, resilient
valve disks. Such special constructions are expensive
and in addition, the drawback is always present that the
passage opening of the valve, which, for metering the
gas supply, i1s adjusted to a predetermined conducting
value, also varies with the wvariation of the ambient
temperature so that repeated readjustments are neces-
sary and, moreover, a separate calibration is needed for
the valve for every temperature.

Another disadvantage of all known metering vaives
to be adjusted by means of a screw or another mechani-
cal or electromagnetic mechanism is that they must be
manufactured with the highest precision in order to
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permit a sufficiently exact adjustment of the gas pas-

sage, particularly with small rates of flow.

Further known are gas ‘metering valves in which a
closing member is received in a tube, and tube and
closing member are made of materials having unequal
thermal coefficients of expansion. The opening or a
change of the conducting value is effected so that upon
heating the whole arrangement, the narrow gap be-
tween the closing member and the inside surface of the
tube varies as a result of the unequal expansion of these
two parts. In such cases, however, temperatures up to
several 100° C. must be used and the device has a fur-
ther disadvantage in that because of the thermal capac-
ity of the parts to be heated, each adjustment to a defi-
nite gas conducting value is accomplished only in short
increments so that such thermal metering valves can
hardly be employed for closed-loop pressure control
devices. | |

Also known are valves for liquids in which the ther-
mal expansion of the volume of an elastic hollow body
filled with liquid or gas and connected to a heating
device, is used for the flow control. Such valves are
used, for example, in heating installations. Bimetal-con-
trolled devices for the flow control in lines are also
known. |

SUMMARY OF THE INVENTION

The present invention is directed to a vacuum meter-
ing valve which is simple in manufacture and, in spite of
that, makes it possible to obtain a high accuracy and
reproducibility of the gas metering.

The invention provides a vacuum valve in which a
thermally controllable fine adjustment can be superim-
posed upon a mechanical pre-adjustment to a definite
conducting valve and this thermal adjustment can be
effected rapidly without requiring extensive tempera-
ture variations. |

For this purpose, in accordance with the invention, a
vacuum metering valve, comprising a valve housing
with a gas inlet and a gas outlet, a valve seat mounted
therein, a valve closing body, and a drive member for
the valve closing body which is associated with an
actuating' member, is provided, in addition, with an
auxiliary body and a means for adjusting the tempera-
ture of the auxiliary body, which are connected to the
actuating member and the drive member in a manner
such that the temperature dependent variations in
length of the auxiliary body are transferred to the drive
member. |

Preferably, the means for adjusting the temperature is
designed as a heating means, however, variations in

length and, thereby, a fine motion of the valve closing

body may be obtained also by cooling the valve lifting
rod to a temperature below tbe ambient temperature.
In the inventive valve comprising the additional
means for a thermal control of the valve passage, it is
further possible to make the lifting rod and the valve
housing of materials having approximately the same

coefficient of thermal expansion which offers the ad-

vantage that the valve can be heated without thereby
changing the adjusted gas conducting value. In particu-
lar, in such a case, the hermetically closed valve remains
hermetic also after being heated up. As compared
thereto, all thermally controlled valves of the prior art
are based on the unequal thermal expansion of the com-
ponent parts mzde of different materials. .

It is an object of the invention to provide a valve
member which is mechanically adjustable and which
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also includes temperature control means associated

therewith for varying the position of the valve member
in respect to the valve seat by changes in temperature
which for example are produced by the temperature
control means. |

A further object of the invention is to provide a vac-

uum metering valve which is simple in design, rugged in
construction and economical to manufacture.
- The various features of novelty which characterize

the invention are pointed out with particularity in the
claims annexed to and forming a part of this disclosure.
For a better understanding of the invention, its operat-
ing advantages and specific objects attained by its uses,
reference should be had to the accompanying drawing
and descriptive matter in which there are illustrated
preferred embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In the Drawings:

FIG. 1 is a transverse sectional view of a metering
valve constructed in accordance with the invention;

FIG. 2 is a view similar to FIG. 1 of another embodi-

ment of the invention;

FIG. 2a is a section taken along the line 2a—2a of )

FIG. 2; and
FIG. 3 is a view similar to FIG. 1 of another embodi-

ment of the invention.

GENERAL DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to the drawing in particular, the invention
embodied therein comprises a valve generally desig-
nated 50 which includes a valve housing 52 having an
inlet 1 which is spaced from an outlet 2 and which
includes a valve seat 6 defined in the housing and a flow
passage between the inlet and the outlet. The valve
member or valve closing body 4 is adapted to be posi-
tioned in selective spaced relationship to the seat 6 for
regulating the flow therethrough.

Mechanical means are provided for adjusting the
position of the valve closing body 4 and this includes a
drive member 7a which is mounted for axial displace-
ment in the upper part of the valve housing and which
may be displaced by a lifting rod member 7 which 1s
disposed in an upper cavity of the drive member and
which is moved by an actuator generally designated 10.
The actuator 10 comprises a double armed lever which
is pivoted at 10z and which includes a first arm portion
54 having a concave bottom face which receives the
upper end of the lifting rod member 7. A second arm
portion 56 provided with a bore therethrough for an
adjusting screw 11 which bears against a side of the
housing and which may be threaded in the bore of the
arm 56 in order to vary the position of the arm and thus
the position of the arm portion 54 and the hfting rod 7
and the drive member 72 and the valve closing body 4
in relation to the seat 6.

In the construction shown a nut 75 is threaded to the
exterior of the drive member 7 and a compression
spring 9 is disposed between the nut 76 and a recessed
surface of the housing 52. The nut 76 may be rotated to
vary the position of the drive member in relation to the
valve seat 6. In addition the adjusting screw 11 may be
adjusted in order to vary the position of the valve clos-
ing body 4 in relation to the seat. The valve closing
body is actuated by means of a drive member 7a which
is mounted for axial displacement in the housing.

10

15

20

d

30

35

435

50

3

65

4

In accordance with the invention auxiliary means 8
which comprises temperature control means or temper-
ature regulating means comprise a temperature control
coil which is wound around the upper part of the lifting
rod 7 and is connected by terminal ends 8a or 8b to
suitable means for either increasing or decreasing the
temperature such as means for conducting a medium
through the element for either heating or cooling the
lifting rod 7 or means for electrically heating the rod.

In the embodiment of FIG. 1 the auxiliary body 7
comprises a thrust bolt that is a force transmitting inter-
mediate member between the actuating member 10 and
the drive member 7a. The upper end of the drive mem-
ber or lifting rod 7a carries a nut 7b which is adjustable
on a thread for varying the position thereof. In opera-
tion first the valve 1s adjusted to a predetermined pas-
sage as indicated in FIG. 1 which in the event that the
temperature control means 8 comprises a heater corre-
sponds to the maximum gas conducting value desired in
the respective application. This is done by turning the
adjustment screw 11 so that by means of the lever 10 the
thrust bolt 7 is pressed against the drive member 7a and
the valve closing body 4 is moved toward the valve seat
6 against the action of the compression spring 9. In the
more accurate adjustment of the valve to a conducting
value which is smaller than the maximum value can be
effected by a thermal heating control. In any event,
heating the thrust bolt 7 will cause the valve closing
body 4 to move toward the valve seat and cooling the
thrust bolt will cause it to move away from the valve

seat. This makes possible the very accurate fine adjust-
ment at a relatively small temperature variation up to

50° C. are sufficient for this purpose. In particular if the
temperature control means i1s designed as electrical
heating or cooling means for example by using Peltier
elements, the inventive valve is suitable for mounting in
a closed loop control circuit in which case the tempera-
ture of auxiliary body 7 is automatically adjusted so that
the pressure in the recipient connected to the outlet 2 is
kept constant or follows a predetermined program.
With a manual adjustment of the temperature the inven-
tive valve has the great advantage that to a mechanical
preadjustment which i1s accurate in itself a thermal fine
adjustment of still finer accuracy 1s superimposed.

In the embodiment shown in FIG. 2 similar parts are
similarly designated for a valve generally designated
50'. The principal of operation of the valve shown in
FIGS. 2 and 2q is similar to that of FIG. 1 but the fol-
lowing differences are present: a separate auxiliary body
12 with associated temperature adjusting means 1s pro-
vided and temperature dependent variations in length of
this body are transmitted to lifting rod 7 and from the
lifting rod 7 to the drive hammer 72 by means of a
forked lever 13 as shown in FIG. 24. The forked lever
is pivoted to the valve housing at 13. The lever of the
actuating member 10 in this case is pivotally mounted at
14 to the forked lever 13 and thus the position of the
pivotal point 14 is influenced by the temperature depen-
dent variations in length of the auxiliary body 12 and
the thermally controlled motion in this manner is super-
imposed to the motion which i1s mechanically con-
trolled by lever 10 or by the adjusting screw 11. As soon
as auxiliary body 12 which is secured to the valve hous-
ing by its lower end at 12q is heated, the pivotal point 14
as 1s evident from the drawing will be lifted under the
action of the compression spring 9 and the valve will be
opened to a greater extent. With contraction of the
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auxiliary body 12 upon cooling the valve is moved in a
closing direction.

The embodiment of FIG. 3 is again similar to that of

FIG. 1 and 2 but in this case the actuating member
comrises a rotary knob 18 which is displaceable in a
head part 17 of the valve housing 52" in an axial direc-
tion by means of a threaded spindle. Valve lifting rod 7
or the drive member is biased by a compression spring
9 which bears against the head part 17. The drive mem-
ber 7 1s connected by means of a cross bolt 20 to the
upper end of an auxiliary body 21 which can be heated
or cooled by temperature control means 8. The lower
end of the auxiliary body 21 is supported on a shoulder
23 of a tubular portion 22 of the actuating member 10.
The tubular portion 22 is provided in its upper part with
lateral openings 22a and 22b through which the bolt 20
extends and which are dimensioned so that a clearance
1s provided for the cross bolt 20 which corresponds to
the maximum temperature dependent variations in
length of the auxiliary body 21. The valve passage be-
tween the inlet 1 and the outlet 2 is coarsely adjusted by
means of a mechanical actuating member 10 and a fine
adjustment is effected thermally. Upon heating of the
auxiliary body 21 the length thereof increases so that
the cross bolt 20 causes the valve lifting rod 7 to be
moved in the direction of a wider opening of the valve.
Upon cooling the inverse movement takes place. In any
case the closing pressure is determined by the action of
spring 9. If for example the temperature control means
8 is interrupted while a valve is closed the following
cooling down of auxiliary body 21 results only in the
lifting of the lower end of the body from the shoulder
23. A destruction of the valve seat by an excessive clos-
ing pressure is thereby prevented. |

While specific embodiments of the invention have
been shown and described in detail to illustrate the
application of the principles of the invention, it will be
understood that the invention may be embodied other-
wise without departing from such principles.

What is claimed is: R

1. An adjustable setting normally open vacuum me-
tering valve, comprising a housing having an inlet, a
discharge spaced from said inlet, and a flow passage
between said inlet and said discharge having a valve
seat therein, a valve member mounted in said housing
for movement toward and away from said valve seat, a
hfting rod member operatively bearing against said
valve member and being movable to permit movement
of said valve member toward and away from said valve
seat, mechanical adjustment means mounted on said
housing and including an adjustment member bearing
against said lifting rod member and movable to shift said
lifting rod member with said valve member in respect to
said valve seat to establish one position of said valve
member relative to and away from said seat for course
adjustment of the position thereof relative to said valve
seat for a controlled flow therethrough, and tempera-
ture control means associated with said lifting rod mem-
ber to vary the length of said lifting rod member and to
cause it to move said valve member correspondingly

6

and thereby effect an adjustment movement of said
valve member in respect to said valve seat for changing

- the flow past said seat, said lifting rod member being
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disposed between said adjustment and said valve mem-
ber. |

2. A vacuum metering valve according to claim 1,
wherein said adjustment means comprises a lever pivot-
ally mounted on said housing having one-armed portion
bearing against said lifting rod member and having an
opposite arm portion, and an adjustment screw engaged
with said opposite arm portion and bearing against said
housing member and being threadable to adjust said
pivoting lever relative to said housing member.

3. A vacuum metering valve according to claim 1,
wherein said means for varying the temperature of said
lifting rod member comprises means for heating said
lifting rod member.

4. A vacuum metering device according to claim 1,
wherein said valve member and said housing are of the
same thermocoefficient of expansion.

S. An adjustable setting normally open vacuum me-
tering valve, comprising a housing having an inlet, a
discharge spaced from said inlet, and a flow passage
between said inlet and said discharge having a valve
seat therein, a valve member mounted in said housing’
for movement toward and away from said valve seat, a
lifting rod member operatively bearing against said
valve member and being movable to permit movement
of said valve member toward and away from said valve
seat, mechanical adjustment means mounted on said
housing and including an adjustment member bearing
against said lifting rod member and movable to shift said
lifting rod member with said valve member in respect to

~said valve seat to establish one position of said valve

member relative to and away from said seat for course
adjustment of the position thereof relative to said valve
seat for a controlled flow therethrough, and tempera-
ture control means associated with said lifting rod mem-
ber to vary the length of said lifting rod member and to
cause it to move said valve member correspondingly
and thereby effect an adjustment movement of said
valve member in respect to said valve seat for changing
the flow past said seat, said lifting rod member being
disposed between said adjustment and said valve mem-
ber, said valve member including a drive member por-
tion having an upper end with a recess thereon, said
lifting rod member being disposed in said recess in en-
gagement with said drive member, the exterior of said
drive member being threaded, and a nut engaged on the
threaded portion of said drive member and spring
means urging said nut with said drive member in a di-
rection away from said valve seat, said nut being adjust-
able to vary the force on said spring member.

6. A vacuum metering valve, according to claim 5,
wherein said temperature control means includes a coil
wound around said lifting rod member and means for
circulating a temperature control medium through said
coil.
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